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In a recent paper [1] we investigate spin decoherence
in superconducting atom chips, and predict a lifetime en-
hancement by more than five orders of magnitude in com-
parison to normal-conducting atom chips. Scheel, Hinds,
and Knight (SHK) [2] cast doubt on these results as they
are seemingly an artifact of the two-fluid model used for
the description of the superconductor, and estimate a
lifetime enhancement by a factor of ten instead. In this
reply we show that this criticism is unwarranted since
neither our central result relies on the two-fluid model,
nor the predictions of our model strongly disagree with
experimental data.
In Ref. [1] we employ a dielectric description of the su-
perconductor based on a parameterization of the complex
optical conductivity σ(T ) ≡ σ1(T ) + iσ2(T ), viz.
σ(T ) = 2/ωµ0δ
2(T ) + i/ωµ0λ
2
L(T ) , (1)
with δ(T ) and λL(T ) the temperature dependent skin
and London penetration depth, respectively. The spin
lifetime for λL(T )≪ δ(T ) is then obtained by matching
the electromagnetic fields at the vacuum-superconductor
interface, to arrive at our central result for the spin life-
time τ ∝ σ
3/2
2 (T )/σ1(T ) ∝ δ
2(T )/λ3L(T ). As our anal-
ysis is only based on Maxwell’s theory with appropriate
boundary conditions, it is valid for δ(T ) and λL(T ) values
obtained from either a microscopic model description or
from experimental data on σ(T ). The specific choice of
parameterization in Eq. (1) is motivated by the two-fluid
model, even though this model is not needed to justify
it.
In order to obtain an estimate of the lifetime for nio-
bium, we make use of the experimental value σ1(Tc) = σn
[3] and consider for T ≤ Tc the Gorter-Casimir tem-
perature dependence σ1(T ) = (T/Tc)
4σn and σ2(T ) =
(1 − (T/Tc)
4)σ2(0), where σ2(0) = 1/ωµ0λ
2
L(0). A de-
crease in temperature from Tc to Tc/2 as considered in
Ref. [2], then results in a reduction of σ1(Tc/2) by ap-
proximately one order of magnitude. SHK correctly note
that the modification of the quasi-particle dispersion in
the superconducting state might give rise to a coherence
Hebel-Schlichter peak of σ1(T ) below Tc [4]. To estimate
the importance of this peak, we have computed σ1(T )
using the Mattis-Bardeen formula. At the atomic tran-
sition frequency of 560 kHz we obtain a peak height of
approximately 5 σn, not hundred σn [5] as used by SHK.
From the literature it is well-known that this coherence
peak becomes substantially reduced if lifetime effects of
the quasi-particles are considered [4, 6] and even disap-
pears in the clean superconductor limit [7]. As a fair
and conservative estimate we correspondingly assign an
uncertainty of one order of magnitude to our spin life-
times. On the other hand, the major contribution of the
τ enhancement in the superconducting state is due to the
additional λ3L(T ) contribution accounting for the efficient
magnetic field screening in superconductors. This factor
is not considered by SHK and appears to be the main
reason for the discrepancy between our results and those
of Ref. [2]. The London length λL(0) = 35 nm as used in
[1] corresponds to ωσ2(Tc/2) ≈ 6.1× 10
20 (Ωm s)−1 and
is in agreement with the experimental data of Ref. [3].
In conclusion, modifications of σ(T ) introduced by the
details of the quasi-particle dispersion in the supercon-
ducting state (BCS or Eliashberg theory) are expected
to modify the estimated lifetime values by at most one
order of magnitude, but will by no means change the
essentials of our findings, which only rely on generic su-
perconductor properties. Hence, our prediction for a life-
time enhancement by more than five orders of magnitude
prevails. Whether such high lifetimes can be obtained in
superconducting atom chips will have to be determined
experimentally.
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